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Located  in  the  upper  reaches  of  the  atmosphere,  the 
ozone  layer  is  the  earth's  protective  shield  against 
harmful  ultraviolet  radiation  from  the  sun.  Over  the  past 
20  years,  however,  the  ozone  layer  has  shrunk  by  an 
estimated  one  to  three  per  cent,  mainly  because  of  the 
effect  of  certain  man-made  ozone-depleting  substances, 
In  the  mid-1980s,  scientists  noticed  that  the  ozone  layer 
over  the  Antarctic  was  depleted  by  more  than  So  per 
cent  for  about  three  months  of  the  year.  A  similar  "hole" 
in  the  ozone  layer  was  recently  discovered  over  the 
Arctic. 

Without  the  protection  of  the  ozone  layer,  the  sun's 

ultraviolet  rays  would  cause  significant  harm  to  animal 
and  plant  life,  and  an  increase  in  the  incidence  of  skin 
cancn  and  (  atara<  is  m  humans. 

Ironically,  ozone  created  at  the  ground  level  is  a 
serious  air  pollutant  that  can  damage  human  health  and 
agricultural  crops  in,  or  neat,  large  urban  areas  li  is 
formed  from  automobile  exhausts  and  gasoline  vapors 
whii  li  collect  ovei  cities  on  hot  summer  days  <  > round- 
level  ozone  pollution,  however,  is  an  environmental 
problem  c|uiu-  different  I i  ozone  layer  depletion. 

Ozone-depleting  Substances 

Ozone  is  created  from  the  effects  ol  fiigh-energ) 
ultraviolet  solai  radiation  on  oxygen  (O  I  molecules 
rhe  oxygen  molecules  are  bn  iken  down  into  verj  active 
individual  oxygen  atoms  known  as  "free  radical:  \ 
frei  oxygen  radical  lias  a  tendency  to  combine  with 
.11  ioiI iri  oxyg<  11  moh  1 1 Me  ii  i  produce  ozone 
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Ozone  production  takes  place  mainly  above  the 
equator.  High-level  atmospheric  winds  then  earn-  the 
ozone  around  the  earth.  The  resulting  ozone  layer  is 
about  20  kilometres  thick,  and  lies  between  IS  to  50 
kilometres  above  the  earth's  surface.  The  peak 
concentration  of  ozone  is  about  25  kilometres  above  the 
ground.  However,  because  it  is  so  dispersed,  if  the 
ozone  were  compressed  t<  i  sea-level  pressure,  the  ozone 
laser  would  only  be  3  millimetres  thick. 

As  ozone  is  created  by  ultraviolet  rays,  it  is  also 
destroyed  when  it  combines  with  the  tree  radicals  of 
hydrogen,  chlorine  and  nitrogen  compounds,  which 
have  similarly  been  released  by  the  effect  of  ultraviolet 
radiation  in  the  upper  reaches  of  the  earths  atmosphere 
Tins  is  a  natural  process.  But  the  balance  between  ozone 
creation  And  ozone  depletion  is  upset  by  human 
activities,  such  as  the  emission  of  jet  airplane  exhausts. 
the  burning  ol  fossil  fuels,  and  most  of  all,  by  the  release 
oi  (  hlorofluorocarbons  ((  FCs)  and  fialons 

CF<  S  arc-  a  lainilv   of  long-lasting  synthetic  cho 
thai  contain  carbon,  chlorine,  fluorine  and  sometimes 
hydrogen     Hiw  were  developed  about  60  years  ag 
substitute  for  ammonia  in  refrigerators    CFCs  continue  to 
be  used  as  coolants  in  refrigerators  And  air  conditio 
well  as  blowing  agents  in  loam  product  manufacturing,  as 
cleaning  solvents  foi  electrical  components,  as  -k. 
aerosol  sprays,  and  in  hospital  sterilization  procedi 

World  production  ol  *  i  <  s  is  around  700 ,000  tonnes  a 
veai      Vboul  20,000  tonnes  ol  v  u  s  are  product 
Canada  annuall)      Ontario  accounts  foi  about 
i  anada  s  total  CF<   o  insumption 

llalons  are  also  o.-one  depleting  chemical-      K. 

to  I  i*  s.  fialons  an-  a  group  ol  chemicals  that  contain 
bromine      rhev   are  used  ulmosi  exclusive   ■ 
pi,  <iii  iion  appli(  atit  >ns 


CFC  Applications  in  Canada,  As  Percentage 

1987  of  Total 

Coolants  in  refrigerant  and 

air-conditioning  equipment  33 

Blowing  agents  in  foam-product 

manufacturing  44* 

Cleaning  solvents  for  electronic 

components,  dry  cleaning,  metal  cleaning       9 

Aerosol  applications  11' 

Miscellaneous  3 

•   Aerosol  products  and  rigid  packaging  foams 
in  Ontario  no  longer  utilize  CFCs  as  propellants 
i  ir  as  blow  ing  agents. 


Once  released  from  the  products  and  processes 
where  they  are  used,  CFCs  and  halons  rise  up  into  the 
upper  atmosphere  where,  because  they  are  stable 
chemicals,  they  persist  tor  a  long  time.  Eventually, 
however,  they  break  down  into  their  constituent 
elements.  Chlorine,  fluorine  and  bromine  released  from 
this  process  deplete  the  ozone  layer  and  permit 
increased  amounts  o(  ultraviolet  radiation  to  reach  the 
earth's  surface. 

In  the  70-100  years  that  it  remains  active,  one  atom 
of  chlorine  (CD  can  destroy  100.000  molecules  of  ozone. 


ultraviolet 

cfc:i<*     rodiotion  »  CFCh  +  CI 
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Also  known  .is  CFC-11 
i  tru  hlorofluorometlune  i 


The  harm  that  a  chemic.il  can  do  to  the  ozone  layer 
is  based  on  a  concept  known  as  "ozone-depletion 
potential''  (ODP).  Higher  ODP  values  indicate  greater 
potential  to  damage  the  ozone  layer.  There  are  many 
different  kinds  ol  CFCs  with  varying  ODP  levels 
An  ODP  value  of  1.0  is  assigned  to  CFC-11 
(trichlorofluoromethane).     All  other  odp  values  are 

assigned  relative  to  CFC  11 


Hov/  CFCs  and  Halons  are 
Released  into  the  Atmosphere 

The  release  of  ozone-depleting  CFCs  from 
refrigerators  and  in  domestic,  commercial  and  mobile 
air  conditioners  can  be  caused  by  leaks  as  well  as 

during  installation  and  servicing 

CFCs.  which  are  used  as  blowing  agents  in  the 
manufacture  of  rigid  packaging  foam  (typically  used  for 
packaging  food  items)  and  flexible  foam  products 
(typically  used  for  seat  cushions  and  automobile 
dashboards),  are  released  during  or  immediately  alter 
the  production  process  Most  rigid  insulation  foams 
retain  90-95  per  cent  of  the  CFCs  used  in  production. 
but  as  it  starts  to  age.  the  CFCs  are  dispersed  into  the  air. 

CFCs  are  also  emitted  into  the  atmosphere  as  aerosol 
propellants  and  slurries  used  in  various  spray  products. 
In  Ontario.  CFCs  have  been  banned  for  use  in  all  aen  e<  'I 
sprays,  with  the  exception  of  prescription  drugs  and 
limited  special  applications. 

Finally.  CFCs  are  released  through  evaporation  of 
solvents  used  for  precision-parts  cleaning  and  drying  of 
electronic  circuitry,  in  metal  cleaning,  and  the  dry 
cleaning  of  clothes. 

The  majority  of  halons  are  "banked"  in  building  fire- 
protection  systems  and  portable  fire  extinguishers.  The 
chief  sources  of  halon  emissions  are  the  testing  of  this 
equipment. 


Ozone  Depletion  Potential  (ODP)  Values  of 
Chlorofluorocarbons  and  Halons 

Type 

.  \pplication 

ODP 

CFC-11 

l'ropellant.  refrigerant. 
cleaning  solvent,  blowing  agent 

1.0 

CFC- 12 

l'ropellant.  refrigerant, 
blow  ing  agent 

10 

CFC- 11 3 

Refrigerant,  cleaning  solvent, 
blowing  agent 

0.8 

CFC- 1  1  . 

l'ropellant.  refrigerant, 
blow  ing  agent 

1  o 

CF<    US 

Refrigerant,  blowing  agent 

0.6 

Halon  1211 

Fire-protection  equipment 

Halon  1301 

I  ire  pn  itei  iion  equipment 
(portable) 

100 

Halon  JUL' 

Fire  pn  ite<  tit  »n  equipment 

6.0 

Control  Measures 

Measures  to  control  CFC  and  halon  emissions  have 
been  developed  through  years  of  extensive  international 
negotiations.  Some  of  these  measures  have  been 
ino  wporated  into  the  laws  of  individual  countries. 

Action  to  protect  the  ozone  layer  was  initiated  by  the 
United  Nations  Environment  Programme  (UNEP)  in  19 
Three  years  later,  a  number  of  countries,  including 
Canada,  prohibited  the  use  of  CFCs  as  propellants  in 
aerosol  spray  for  personal  care  products. 

UNEP  subsequently  initiated  negotiations  aimed  at 
the  development  of  a  global  convention  to  protect  the 
ozone  layer.  In  1985,  the  Vienna  Convention  for  the 
Protection  of  the  Ozone  Layer  was  signed  by  12 
countries.  The  convention  covered  international 
co-operation  in  research,  but  did  not  contain  any 
agreement  on  controls. 

After  several  more  years  of  negotiation,  an 
agreement  w  as  reached  by  some  40  countries,  including 
Canada,  on  the  protocol  and  timetable  for  imposed 
controls  on  ozone-depleting  CFCs  and  halons.  The 
agreement  was  signed  in  September.  1987,  in  Montreal, 
and  has  since  been  ratified  by  about  60  countries. 

The  "Montreal  Protocol  for  Substances  that  Deplete 
the  Ozone  Layer,"  came  into  forte  on  January  1.  1989. 
By  July  1,  1989  all  signatory  nations  were  to  cap  the 
consumption  (defined  as  "production  plus  imports, 
minus  exports")  of  CFCs  to  1986  levels.  By  1993,  CFC 
consumption  would  be  reduced  by  -!i»  per  vent,  and  by 
1998,  by  50  per  cent  of  1986  levels.  At  a  meeting  in 
Geneva,  Switzerland,  in  April.  1990.  the  signatory 
nations  agreed  to  increase  the  target  levels  and  to 
include   additional   chemicals   to   the   list   of  o/one 

depleting  substances.  In  June  1990,  the  Montreal 

Protocol  was  amended  to  include  all  fully  halogenated 
CFCs,  1. 1, 1  trichloroethane.  and  carbon  tetrachloride 
A  new   phase-out  schedule  was  also  adopted. 

Ontario  was  the  firsi  province  in  Canada  to  pass 

legislation   which    ;up| -  the   intent  ol   the   Montreal 

Protocol  l  In-  ozone-depleting  substances  amendment 
to  the  Ontario  Environmental  Protection  .it/  prohibited 
the  manufacture  and  sale  ol  aerosols  and  foam 
glng  made  with  CFCs  effective  July  I.  1989  ["he 
amendmeni  also  set  a  framework  to  enable  the  Ministry 
oi  the  i  nvironmenl  to  prohibit  and  phase  out  remaining 
i  1 1    uses  as  soon  as  alternatives  are  found      rhe 

istry  s  goal  is  to  reduce  Ontario's  consumption  ol 

ii<-.  i>\  more  than  hall  in  1993    '  >ntario  will  continue 
julati  othei  •  i '  ••  w  here  te<  hni<  ally  feasible 


Ontario  Phase -out  of  Ozone-depleting  Substances 


Aerosols 
Propellants 
Slurrying  Agents 

Foams 
Rigid  Packaging 
Flexible  Foam 
Rigid  Insulation 

Venting  of  CFCs  in  Mobile 
Air  Conditioning  Systems 


July  1.  1989 
September  1.  1990 

July  1.  1989 

September  1.  1990* 

January  1.  1991* 

July  1.  1991 


Beginning  of  phase-out  period. 

Complete  ban  effective  December.  1993  based 

on  commercial  availability  of  alternatives. 


Recycling  of  CFCs 

An  amendment  to  Regulation  309  of  the 
Environmental  Protection  Act  to  facilitate  the 
collection,  handling,  transportation  and  recycling  of 
spent  refrigerants  from  commercial  and  c 
cooling  systems  became  efl  mbef  1.  1990. 


The  Search  for  Substitutes 

UNEP  prepared  a  series  of  technical  option  reports, 

which  identify  the  near  and  long-term  alternatives  to 
CFC  uses  in  all  applications  CFC  manufacturers  have 
identified  alternative  chemicals  to  replace  t. 
specific  applications  An  international  cooperative  was 
founded  by  CFC  manufacturers  and  has  initiated  the 
required  toxicitv   assessments  of  these  chen 

itions  representing  industrial  us.  -  have 

also  joined  together  to  identify  and  to  share  infon 
on  new    technologies  for  the  reclamation 
substitution  mk\  destruction 

For  More  Information 

Po  obtain  additional  copies  ol  this 
Ontario  Phase-out  oj 
(  bmpliance Guide,  call  oi  write 

Public  Information  Centre 
Environment  <  >ntario 

1  ^  st    c  |. i,i    \\eiuu     J 

roronto  i  Ontario 
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LA  COUCHE  D'OZONE 


Ontario 


Situee  dans  la  haute  atmosphere,  la  couche  d'ozone  est 
le  boudier  qui  protege  la  Terre  contre  les  rayons  ultraviolets 
tlu  soleil,  ties  nocits.  Toutefbis,  on  estime  qu'au  cours  des 
vingl  dernieres  annees,  cette  couche  d'ozone  a  retreci  de  un 
a  trois  pour  cent,  principalemenl  parce  que  certaines 
substances  artificielles  la  rongent.  Au  milieu  des  annees 
1980,  des  scientifiques  ont  remarque  qu'au-dessus  de 
I'Antarctique,  elle  diminuait  de  plus  de  tnoitie  pendant 
environ  trois  mois  de  I'annee.  Recemment,  ils  ont 
decouvert  un  trou-  similaire  au-dessus  de  I'Arctique. 

sans  la  protection  de  la  couche  d'ozone,  les  rayons 
solaires  ultraviolets  nuiraienl  considerablement  a  la  vie 
animale  et  vegetate,  et  on  assisterait,  dans  I'espece  humaine, 

a  une  reemdescence  des  cancers  de  la  [x-au  et  ties  cataractes. 

Paradoxalement,  I'ozone  cree  au  niveau  du  sol 
constitue  un  polluam  atmospherique  dangereux  qui 
pent  nuire  a  la  same  humaine  el  endommager  les 
recoltes  a  I'interieur  ou  a  proximite  ties  grandes  /ones 
urbaines.  II  est  secrete  par  les  gaz  d'echappement  des 
vehicules  el  par  les  vapeurs  d'essence  qui  s'accumulent 
au-dessus  des  villes  pendant  les  journees  chaudes  de 
\'et€  Cependant,  la  pollution  par  I'ozone  au  sol  pose 
un  probleme  environnemental  ties  different  de  celui  de 
I'appauvrissemenJ  de  la  couche  d'ozone. 

Les  substances  qui  appauvrissent 
la  couche  d'ozone 

L'ozone  results  de  Taction  des  rayons  solaires  ultraviolets 
de  haute  ehergie  sur  les  molecules  d'oxygene  QDi)  <  elles  <  1 
se  scindent  en  atonies  individuels  d'oxygene  lies  actife  ditS 
■radicaux  libres  Un  radical  d'oxygene  libre  se  combine 
generalement  avec  une  autre  molecule  d'oxygene  pour 
produire  de  I'ozone  (Oj) 


O2  — - 
Ch  +  O 


0  +  O 

1  ) 


La  majeure  panic-  de  To/one  est  produite  au-dessus  de 
I'equateur  avani  que  des  vents  atmospheriques  eleves  le 
transportent  autour  du  globe.  La  couche  d'ozone  ainsi 
obtenue  a  une  vingtaine  de  kilometres  d'epaisseur  et  elle 
llotte  entre  Is  et  s()  kilometres  au-dessus  de  la  surface  de 
la  Terre.  ( 1'esl  a  quelque  is  kilometres  du  sol  qu'eDe  est  le 
plus  concentre.  Cependant,  I'ozone  est  tellement  disperse 
que  si  on  le  comprimait  a  la  pression  du  niveau  de  la  mer, 
la  couche  lonnee  naurait  que  trois  millimetres  d'epaisseur. 

Tout  comme  I'ozone  est  produit  par  les  rayons 

ultraviolets,  il  est  detniit  en  se  combinant  avec  les  radicaux 
libres  des  composes  hydrogenes,  chlores  et  azotes,  eux 
aussi  liberes  par  Taction  du  rayonnement  ultraviolel  dans 
la  haute  atmosphere  terrestre.  II  s'agit  la  dun  processus 
haturel.  Mais  I'equilibre  entre  sa  creation  et  sa  disparition 
est  bouleverse  par  des  activit€s  humaines  telles  que 
['emission  de  gaz  de  combustion  par  les  avions  a  reaction, 
la  combustion  de  sources  d'eneryie  fossiles  et.  SUTtOUt,  le 

rejei  de  chlorofluorocarbones  (CFC)  et  de  halons. 

Les  CFC  sont  une  ramille  de  produits  chimiques  de 
svnihesc  persistants  qui  contiennent  du  carbone,  du 
chlore,  du  tluor  et  parfois  de  I'hydrogene.  lis  onl  etc 
mis  au  point  il  v'  a  une  soixantaine  d'annees  pour 
remplacer  1'ammoniac  dans  les  rfifrigerateurs.  On 
continue  tie  les  employer  comme  frigorigdnes  dans  les 
refrigerateurs  et  dans  les  climatiseurs,  comme  gonflants 
dans  la  fabrication  de  mousses,  comme  solvants  tic 
nettoyage  pour  les  composants  electroniques,  comme 
suspension  dans  les  aerosols  ainsi  que  dans  les  procfedes 

tie  sterilisation  en  milieu  hospitalier. 

Chaque  annee,  le  monde  produit  quelque  700  <»»)  tonnes 
de  CP  sin  t  e  total,  la  pan  du  ( .mat la  represente  pies  tie 
20  000,  d<  un  ['<  )ntano  consomme  une  moitie  environ  a  lui  seul 

its  halons  appauvrissent  eux  aussi  la  couche  d'ozone. 
Ces  produits  chimiques,  apparentes  aux  *  F<  ,  contiennent 
du  brome  <  in  les  utilise  presque  exclusivement  dans  ties 
appli<  ations  liees  a  la  protection  contre  les  incendies 


